Abstract In this work, a compact patch antenna based on a low temperature cofired ceramic (LTCC) has been presented for V-band system-on-package (SoP) applications. In order to integrate it with transceiver block, a waveguide (W/G) to embedded microstrip line (eMSL) vertical transition was designed using slot-fed double stacked patch antennas for easy assembly and wide bandwidth. The 2 x 2 patch antenna integrating the transition was designed and fabricated in the 5-layer LTCC dielectrics. The whole size of the fabricated antenna including the 2 x 2 patches, transition and W/G was 20 x 24 x 5.39 mm 3 . The fabricated antenna has achieved a 10 dB impedance bandwidth of 2.45 GHz from 61 to 63.45 GHz.
Introduction † Recently, various wireless communication systems
has been proposed and developed [1~3] widely and rapidly using 60 GHz or above bands, which lead to a great demand for compact and low-cost radio systems. The low temperature cofired ceramic (LTCC) based ystem-on-package (SoP) approach
[1~3] is one of the most promising solutions for integration of the radio system due to its multi-layer integration capability, excellent metal conductivity, low-loss characteristics, and a temperature coefficient of expansion (TCE) close to semiconductors.
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Antenna designs for radio systems using 60 GHz or above bands have been tried to integrate it into chip [4] and package [1, 2] . The antenna integrated into the silicon-based chip showed poor radiation efficiency due to the low resistivity and high permittivity [4] . Now several approaches have been tried for reduction of the silicon substrate loss [5, 6] . In this work, a 2 x 2 patch antenna integrating a transition (waveguide to embedded microstrip line) using a low temperature co-fired ceramic (LTCC) is presented for 60 GHz s SoP applications. 
Waveguide Transition
The transition configuration is presented in <Fig Several types of waveguide-tomicrostrip transitions have been researched using probe [7] , ridged [8] , and slot-coupled type [9] . In this work, considering an easy integration with an eMSL structured feed-line coupler and available wide bandwidth at a 60 GHz band, a waveguide-toeMSL transition is designed using slot-fed double stacked patch antennas [10] . 
